Background--In comparison to warfarin, non-vitamin K antagonist oral anticoagulants (NOACs) have the advantages of ease of dosing, fewer drug interactions, and lack of need for ongoing monitoring. We sought to evaluate whether these advantages translate to improved adherence and whether adherence is associated with improved outcomes in patients with atrial fibrillation.
O ral anticoagulants are highly effective for stroke prevention in patients with atrial fibrillation, 1,2 but strict adherence to medication is crucial for maximizing treatment benefits. There is hope that non-vitamin K antagonist oral anticoagulants (NOACs) may improve adherence, because of less burden of treatment compared with warfarin. [3] [4] [5] This is uncertain, however, as warfarin users may incur lower outof-pocket medication costs and have frequent contact with the healthcare system. Expected adherence to therapy is often an important consideration in clinical decision-making; data on adherence rates can help physicians and patients choose between medications. Although poor adherence is a barrier to effective stroke prevention, it can provide researchers with a window into the risk-benefit balance of the therapy. Given the well-established efficacy for anticoagulation in stroke prevention, it is unlikely that a clinical trial would randomize patients at increased stroke risk to no anticoagulation, but pharmacy-linked administrative data may provide a critical tool to assess outcomes among candidates for anticoagulation who are taking and those who are not taking therapy. In this way, studying variation in adherence may contribute to the evidence of safety and efficacy of oral anticoagulants. Because not all patients benefit equally and, in some, the risks of therapy may outweigh the potential benefits, 6, 7 examining the impact of nonadherence across the range of risk is important to help guide therapy, particularly among patients with anticipated low incidence of cardioembolism and potential for bleeding.
There are no studies comparing the relative adherence of NOACs in contemporary practice. Further, the impact of nonadherence on important safety and effectiveness outcomes has not been assessed in the NOAC era. Therefore, we sought to characterize (1) the adherence to NOACs (including dabigatran, rivaroxaban, and apixaban) and (2) the association between temporary or permanent discontinuation of therapy, measured by the cumulative time not taking anticoagulation, and the risk of stroke and major bleeding in patients at different baseline risks of stroke.
Methods Data Source
We conducted a retrospective analysis of administrative claims data from a large US commercial insurance database, Optum Labs Data Warehouse, which includes privately insured and Medicare Advantage enrollees. The database contains longitudinal health information for >100 million enrollees during the past 20 years, from geographically diverse regions across the United States, with greatest representation from the south and midwest. 8 The included health plans provide claims for professional (eg, physician), facility (eg, hospital), and outpatient prescription medication services. 9 Because this study involved analysis of preexisting, deidentified data, it was exempt from institutional review board approval.
Study Population
We identified adult patients with atrial fibrillation who initiated treatment with warfarin, dabigatran, rivaroxaban, or apixaban between November 1, 2010, and December 31, 2014. We defined patients' first oral anticoagulant as their index medication and the date the prescription was filled as the index date. We defined the 12 months before the index date as the baseline period and required that patients have continuous enrollment in a medical and pharmacy plan during this time. We also required that patients have a diagnosis of atrial fibrillation (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] diagnosis code 427.31) at baseline or on the index date. We excluded patients with any dispensed prescription for oral anticoagulants during the baseline period. We also excluded patients with ICD-9-CM code V58.61 (Longterm [current] use of anticoagulants) during 3 to 12 months before the index date as this might be an indication of either ongoing or prior oral anticoagulant use.
Patient Baseline Characteristics
For each patient, we assessed demographic and socioeconomic characteristics at the time of the index date, including age, sex, race, household income, and residence region. We used the Charlson-Deyo comorbidity index to assess the patient's overall burden of comorbidities 10 and the HAS-BLED
[ie, risk stratification scheme to estimate baseline risk of major hemorrhage based on the presence of hypertension, abnormal renal function, abnormal liver function, stroke, bleeding history or predisposition, age > 65 years, antiplatelet or nonsteroidal anti-inflammatory drug use and alcoholism] score to measure the baseline bleeding risk. One element of HAS-BLED, the labile international normalized ratios (INRs), is not available before the initiation of warfarin and is not applicable to NOACs; therefore, the range of HAS-BLED score in this study was 0 to 8 instead of 0 to 9 in the original HAS-BLED score.
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We used CHA 2 DS 2 -VASc ((risk based on the presence of congestive heart failure, hypertension, age 65-74 years, age ≥75 years, diabetes mellitus, prior stroke or transient ischemic attack [TIA] , vascular disease, sex category) score to determine patients' risk of stroke at baseline, based on 9 possible points with higher scores indicating higher risk of stroke. We grouped patients with CHA 2 DS 2 -VASc score of 0 or 1 because the guideline from 2014 American College of Cardiology/American Heart Association/Heart Rhythm Society (AHA/ACC/HRS) recommends oral anticoagulants among patients with CHA 2 DS 2 -VASc score ≥2. 12 We further divided patients into those with CHA 2 DS 2 -VASc score 2 or 3 and score ≥4 because previous studies suggested the use of oral anticoagulant decreased in high-risk patients with elevated CHA 2 DS 2 -VASc score. 13 All the conditions in the Charlson-Deyo comorbidity index, HAS-BLED score, and CHA 2 DS 2 -VASc score were identified by using ICD-9-CM codes in the primary or secondary position on any claim during the baseline period.
Primary End Points
The primary end points are the first inpatient admission for (1) stroke, including ischemic stroke and systemic embolism, and (2) major bleeding, including gastrointestinal (GI) bleeding, intracranial hemorrhage, and bleeding from other sites. Published claims-based algorithms were used in defining outcomes and validated in previous studies. 3,14-17 ICD-9-CM codes are given in Table 1 .
Exposure
Patients were followed from their index date until the earliest date of the occurrence of stroke or bleeding, the end of enrollment in the health insurance plan, or the end of the study period (December 31, 2014). The days covered by oral anticoagulants were determined based on fill date and the days of supply on the pharmacy claims. Some patients switched to a nonindex oral anticoagulant during follow-up, and they were considered to be taking anticoagulation when using the nonindex oral anticoagulants. We calculated the proportion of days covered (PDC) over a patient's entire follow-up as a measure of adherence, and we calculated the total number of days when patients were not taking any oral anticoagulation to measure the length of the temporary or permanent discontinuation of anticoagulation therapy.
Statistical Analysis
We conducted descriptive analyses for patients' baseline characteristics. Categorical variables were summarized as frequencies and percentages and continuous variables as medians and 25th and 75th percentiles.
We used multivariable logistic regression to predict the probability of being adherent (PDC ≥80%) in the entire cohort, as well as for each medication cohort and by underlying stroke risk (CHA 2 DS 2 -VASc score 0 or 1, score 2 or 3, and score ≥4). The main independent variables were index medication and underlying stroke risk (CHA 2 DS 2 -VASc score 0 or 1, score 2 or 3, and score ≥4). We tested the interaction effect between index medication and patients' baseline risk and included it in the final model. Other covariates included age, sex, race, household income, residence region, individual comorbidities of CHA 2 DS 2 -VASc score and HAS-BLED score, Charlson-Deyo comorbidity index, and the average out-ofpocket costs patients spent on their index medication per 30 days of supply.
We used multivariable Cox proportional hazards models to estimate the effect of time not taking anticoagulation on the risk of stroke and bleeding. The main exposure variable was the cumulative number of days patients were not taking any oral anticoagulants, which was used as a timevarying covariate in the regression (ie, the number of days patients were not taking any oral anticoagulant changed over time). We categorized time not taking anticoagulation into 5 groups: <1 week, 1 week to <1 month, 1 month to <3 months, 3 months to <6 months, and ≥6 months. We included an interaction term between time not taking oral anticoagulant and baseline risk of stroke. We adjusted for patients' index medication, age, sex, race, annual household income, residence region, Charlson-Deyo comorbidity index, HAS-BLED score, and switch to a nonindex medication.
All analyses were conducted by using SAS 9.3 (SAS Institute Inc) and Stata 13.1 (StataCorp).
Sensitivity Analyses
First, apixaban and rivaroxaban had shorter follow-up times than dabigatran, which could potentially lead to lower PDC in dabigatran patients, because patients often become less adherent over time. 18 Therefore, we examined the PDC within the first 6 months of follow-up. Second, because the European Society of Cardiology (ESC) recommends oral anticoagulants for men with CHA 2 DS 2 -VASc score ≥1 and women with CHA 2 DS 2 -VASc score ≥2, 19 additional analyses were conducted to separate men with CHA 2 DS 2 -VASc score 1 from those without any risk factors in the low-risk population. However, because the rates of stroke and bleeding were low in the low-risk population, this was not included in the main results.
Third, the half-lives of NOACs are shorter than that of warfarin, so the anticoagulation effect of NOACS declines more rapidly when scheduled doses are not taken. Therefore, nonadherence to NOACs might have larger adverse effects 
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Outcomes were identified using primary or secondary diagnosis on inpatient claims. When assessing ischemic stroke, TIA, and systemic embolism, we excluded the events that had a primary discharge diagnosis of rehabilitation (ICD-9-CM code V57) or any additional diagnoses of subarachnoid hemorrhage (ICD-9-CM code 430), intracerebral hemorrhage (ICD-9-CM code 431), or trauma (ICD-9-CM codes 800-804 and 850-854).
When assessing major bleeding, we excluded the events that had a primary discharge diagnosis of rehabilitation (ICD-9-CM code V57).
than warfarin and the adherence itself may be related to the index medication. To further investigate whether the effects of nonadherence vary by index medication, we conducted additional sensitivity tests by repeating the same regression analyses for each of the medications separately. Last, in the main analyses, we did not consider TIA as a primary end point, but patients were censored when they had an inpatient admission of TIA. TIA is difficult to validate and may be used as diagnosis for diffuse symptoms or dizziness. 20 A sensitivity analysis was conducted to include TIA in the stroke definition.
Results

Patient Characteristics
We identified 64 661 patients who initiated oral anticoagulants between November 1, 2010, and December 31, 2014. The majority of the patients (59.1%) initiated treatment with warfarin, and 6.0% started taking apixaban, 15.8% started taking dabigatran, and 19.1% started taking rivaroxaban. The median age was 73 years (IQR 64-80 years), 56.2% were male, and 79.1% were white. Nearly 90% of patients had CHA 2 DS 2 -VASc score ≥2, and nearly half had a high risk of bleeding (HAS-BLED score ≥3) ( Table 2 ). The median followup time was 1.1 years (IQR 0.5-2.0 years).
Adherence
Fewer than half (47.5%) of the NOAC patients had ≥80% days covered by oral anticoagulants, compared with 40.2% in warfarin patients (P<0.001). Apixaban had the highest unadjusted percentage of adherent patients (61.9%), followed by rivaroxaban (50.5%) and dabigatran (38.5%). A higher percentage of high-risk patients adhered to treatment than did those with a low stroke risk (CHA 2 DS 2 -VASc score 0 or 1, 30.5%; CHA 2 DS 2 -VASc score 2 or 3, 43.4%; CHA 2 DS 2 -VASc score ≥4, 45.3%). After adjustment for confounders, adherence rates were highest with apixaban (predicted probability of adherence [PP] 52.1%, 95% CI 50.3-53.9%), followed by rivaroxaban (PP 47.6%, 95% CI 46.6-48.7%), dabigatran (PP 45.9%, 95% CI 44.8-47.1%), and warfarin (PP 38.7%, 95% CI 38.1-39.3%). Patients initiating warfarin was associated with lower probability of adhering to anticoagulation therapy compared with those initiating NOACs in all risk strata (P<0.001 for all comparisons) ( Table 3) .
Risks of Stroke
During a total of 87 157 person-years of follow-up, 1150 patients had an ischemic stroke or a systemic embolism. The incidence rate per 100 person-years was 1.32 in the whole cohort, 0.33 in patients with CHA 2 DS 2 -VASc score 0 or 1, 0.72 in patients with CHA 2 DS 2 -VASc score 2 or 3, and 1.82 in patients with CHA 2 DS 2 -VASc score ≥4 (Table 4) . Figure 1 illustrates the association between nonadherence and the risk of stroke in patients with varying baseline risk. No significant effect was found between nonadherence and the risk of stroke in patients with CHA 2 DS 2 -VASc score 0 or 1. In contrast, not taking oral anticoagulant for ≥6 months was associated with elevated risk of stroke in patients with CHA 2 DS 2 -VASc score 2 or 3 (adjusted hazard ratio [HR] 2.73, 95% CI 1.76-4.23), compared with not taking oral anticoagulants for <1 week. In patients with CHA 2 DS 2 -VASc score ≥4, the association between nonadherence and stroke was more evident: HR was 1.96 (95% CI 1.48-2.60) for not taking oral anticoagulant 1 to 3 months, 2.64 (95% CI 1.93-3.61) for 3 to 6 months, and 3.66 (95% CI 2.68-5.01) for ≥6 months compared with not taking oral anticoagulants <1 week ( Figure 1 and Table 5 ).
Risks of Bleeding
A total of 3239 patients had a major bleeding event, of which nearly 70% were GI bleeds and 18% were intracranial hemorrhages. The incidence rate per 100 person-years was 3.72 for all major bleeding, 2.55 for GI bleeding, and 0.67 for intracranial hemorrhage.
Nonadherence to oral anticoagulant was related to lower risk of bleeding. HR for not taking oral anticoagulant for ≥6 months was 0.46 (95% CI 0.25-0.86) for patients with CHA 2 DS 2 -VASc score 0 or 1, 0.68 (95% CI 0.52-0.90) for patients with CHA 2 DS 2 -VASc score 2 or 3, and 0.79 (95% CI 0.67-0.93) for patients with CHA 2 DS 2 -VASc score ≥4 ( Figure 1 and Table 6 ). The risks of GI bleeding followed a similar pattern (Figure 2 and Table 6 ). However, in patients with CHA 2 DS 2 -VASc score ≥2, there was no significant association between nonadherence and the risk of intracranial hemorrhage, whereas there was a significant reduction in intracranial hemorrhage risk in patients with CHA 2 DS 2 -VASc score 0 or 1 (HR 0.23, 95% CI 0.05-0.96 for not taking oral anticoagulant ≥3 months versus <1 week). Because of the small event rate for intracranial hemorrhage, we combined the categories of 3 to 6 months and ≥6 months into a single category: ≥3 months ( Figure 2 and Table 6 ).
Sensitivity Analysis
First, we looked at the adherence during the first 6 months. We found better adherence in all patients, but apixaban still had the highest adherence rate (Table 7) . Second, among the 6698 low-risk patients, 39.8% were patients with no risk factors other than sex (10.5% women and 29.3% men), but 60.2% were men with a CHA 2 DS 2 -VASc score of 1. Additional analyses were conducted in these men, and the findings regarding low-risk patients remained unchanged. Third, findings from stratified analyses by index medication were substantively unchanged, too. Last, we tested including TIA in addition to ischemic stroke and systemic embolism when analyzing the effects on stroke and found similar results.
Discussion
In a large cohort of patients initiating oral anticoagulants for atrial fibrillation, we found that adherence to anticoagulation therapy was suboptimal. During a median of 1.1 years of follow-up, fewer than half of the patients took the medications consistently. Adherence was associated with different outcomes in patients at different baseline risks of stroke. Among Adjusted adherence was the predicted probability of PDC ≥80% based on multivariable logistic regression. patients with CHA 2 DS 2 -VASc score ≥2, better adherence was associated with lower stroke risk and a relatively small increase in bleeding risk-in particular, no significant increase in intracranial bleeding. Conversely, among patients with CHA 2 DS 2 -VASc score 0 or 1, better adherence was associated with no significant change in the risk of stroke but an increased risk of bleeding.
The main strength of the study is the statistical power derived from our large cohort of patients treated with anticoagulation in everyday clinical practice. To our knowledge, this study was the first to report adherence rates of all 3 NOACs (dabigatran, rivaroxaban, and apixaban) together and the first to assess the stroke and bleeding risks related to nonadherence in the NOAC era. Previous studies that demonstrated the benefits of oral anticoagulants often compared patients taking anticoagulation with untreated patients or patients treated with antiplatelet agents 21, 22 and were therefore subject to confounding; that is, the decision not to anticoagulate may be related to factors that are associated with increased stroke risk. In our study, all the patients were judged by their physicians as reasonable candidates for anticoagulation therapy and the treatment was initiated. We compared patients with similar baseline risk of stroke but different length of time not taking anticoagulation, adjusting for other relevant confounders. Because major bleeding can both prompt treatment interruption and increase the risk of stroke, 23, 24 we censored patients at the time of major bleeding to minimize confounding. Poor adherence is a problem for nearly all long-term medications, but the need to improve adherence is less appreciated in anticoagulation therapy, because in the past, low prescription rate was responsible for a large percentage of underuse and much effort has been focused on increasing physician adherence to prescribing guidelines, resulting in improving prescription rates during the past several decades. 25, 26 However, numerous studies found that even in patients who appropriately initiated warfarin, many struggle to maintain adherence in the long term. [27] [28] [29] [30] There has been optimism that NOACs may improve adherence, 4,5 but this is not borne out in our data. Rather, we see that adherence to anticoagulation continues to be a challenge, regardless of the medication used. Our findings of low adherence rates were consistent with previous studies reporting poor adherence to dabigatran. 3, 31, 32 Oral anticoagulants are purely preventive and address no symptoms, so they are especially vulnerable to nonadherence. NOACs also have higher out-of-pocket costs compared with warfarin, which may be another reason for nonadherence. Lack of routine monitoring has been considered as a major advantage of NOACs in comparison to warfarin. However, our findings suggest that routine follow-up may still be needed to assess adherence and discuss barriers to the treatment with patients. The data on adherence provide additional insight into the comparative advantages of NOACs, which may facilitate clinical decision-making when physicians and patients need to choose between medications. Because of its once-daily dosing regimen, rivaroxaban is expected to have better adherence than dabigatran and apixaban, which have twicedaily regimens. 21 In a recent Canadian study, patients taking rivaroxaban missed fewer pills than did those taking dabigatran and apixaban. 33 In phase 3 clinical trials, rivaroxaban did not demonstrate any superiority in either primary efficacy or safety end points, whereas dabigatran 150 mg had better efficacy, and dabigatran 110 mg, apixaban, and edoxaban all had better safety. [34] [35] [36] [37] Current expert opinion regarding which NOAC to choose only recommends rivaroxaban in patients who prefer low pill burden. 38 Our data suggested this primary advantage of rivaroxaban may not exist at all-apixaban may actually be associated with better adherence. It may not be wise to prescribe rivaroxaban solely for the purpose of improving adherence. In our study, because of the low adherence rates, it is likely the nonadherence in routine clinical practice was less the result of missing pills but rather failure to refill medications, resulting in discontinuation or long gaps between refills. Our finding of increased risk of stroke associated with nonadherence among high-risk patients is consistent with previous studies on temporary or permanent discontinuation of oral anticoagulants. [39] [40] [41] There are a few possible explanations for the findings of an association between nonadherence and risk of stroke. Previous studies reported transient elevation of blood markers of thrombin generation or activity to above pretreatment levels soon after stopping warfarin, 42,43 a phenomenon called "rebound hypercoagulability."
However, its impact on the risk of stroke remains largely speculative. 24 The ROCKET-AF (Rivaroxaban-Once-daily, oral, direct Factor Xa inhibition Compared with vitamin K antagonism for prevention of stroke and Embolism Trial in Atrial Fibrillation) trial comparing rivaroxaban with warfarin noted an excess risk of stroke in the rivaroxaban arm when transitioning patients to open-label warfarin at the end of the trial. However, this is unlikely because of rebound phenomenon, because the pattern of events lacked clustering in the days shortly after rivaroxaban cessation. 40, 44 Similarly, we did not observe any excess risk shortly after treatment interruption or discontinuation either. In fact, our data showed a doseresponse relationship between time not taking treatment and the risk of stroke, and the effect was not significant until patients were not taking OACs for ≥1 month in CHA 2 DS 2 -VASc score ≥4 and 6 months in CHA 2 DS 2 -VASc score 2 or 3.
Therefore, the increased risk of stroke associated with nonadherence is most likely the result of prolonged periods of inadequate anticoagulation and a loss of effective protection against stroke. Interestingly, we found no effect of adherence on intracranial hemorrhage in high-risk patients, the most fearful and deadly complication of anticoagulation therapy. A reduction in GI bleeding was found when patients were not taking medication for ≥6 months. When weighing the benefits and harms of anticoagulation, not all events are of equal clinical importance. Stroke and intracranial bleeding are associated with greater mortality and morbidity than extracranial bleeding. A recent study suggested GI bleeding with warfarin treatment is no worse and may be less life threatening than those occurring when not taking warfarin, which is in stark contrast to the deleterious effect of warfarin on mortality from intracranial bleeding. 45 Collectively, the evidence supports positive net clinical benefit of adhering to oral anticoagulants for most patients with atrial fibrillation.
Our data also shed some light on the efficacy of stroke prevention in low-risk patients. It has been controversial regarding whether men with CHA 2 DS 2 -VASc score 1 should receive oral anticoagulants. The 2014 AHA/ACC/HRS guidelines recommend oral anticoagulants among patients with CHA 2 DS 2 -VASc score ≥2. 12 In contrast, the European guidelines recommend oral anticoagulants among patients with ≥1 stroke risk factors. 19 Estimates of baseline untreated stroke risk in this low-risk population vary in the literature. 13, 46, 47 We found that adherence to anticoagulation was not associated with a significant reduction in stroke in patients with CHA 2 DS 2 -VASc score 0 or 1, suggesting that the stroke risk is not easily modified in low-risk patients and that the bleeding risk is nontrivial. This finding is in contrast with a recent study suggesting oral anticoagulant use was associated with an improved prognosis for stroke, systemic thromboembolism, and death in women with CHA 2 DS 2 -VASc score 2 and men with CHA 2 DS 2 -VASc score 1. 22 The difference could be the result of the hospital-based cohort with high event rates or the inclusion of women with CHA 2 DS 2 -VASc score 2 in the other study. The risk-benefit balance in low-risk patients also depends on patients' specific risk factor, as age 65 to 74 years may be more powerful than the other risk factors weighted as 1 point in the CHA 2 DS 2 -VASc score. 48 Thus, blanket policies based on risk thresholds in this group may not be appropriate; the decision may also hinge on the relative value individual patients place on achieving a very small reduction in their risk of stroke and in avoiding the burden and harms of anticoagulation. Our study has several limitations that need to be acknowledged. The first, and most important, is that although there are a number of direct and indirect methods to measure adherence, none is considered the gold standard. 49 We measured the number and proportion of days covered by anticoagulation based on the fill dates and days of supply provided on a claim, an approach commonly used in claims-based studies. 39, 50 This method provides objective real-world data and is not susceptible to social desirability and recall bias that exist in other methods, such as self-reported data or pill counts. 49 However, it does not capture whether or when patients took the medications and cannot accurately measure the timing of short interruptions or distinguish interruptions from discontinuation. Therefore, in our study, discontinuation of treatment was considered to be part of nonadherence. In fact, a broad concept of adherence, patients taking medication as prescribed, incorporates persistence of treatment. 18 Temporary interruption can be different from permanent discontinuation; however, oral anticoagulation agents, especially NOACs, have very short half-lives, so even short interruption is associated with elevated risk of stroke and bleeding. 40, 41 Additionally, considering the complex dosing of warfarin, the adherence measured by refill data may be inaccurate. Warfarin is dosed by INR testing and continual dose titration, so filled prescriptions may give an incomplete view of medication adherence. A previous study showed that warfarin adherence measured by refill data had good correlation with estimates of time in the therapeutic range. 51 Moreover, regarding the relationship between adherence and stroke or bleeding, the significant results were found when patients were not taking medication for at least 1 to 6 months (depending on the patient's baseline risk). It seems most plausible that these long periods of time of not taking medication are more likely the result of to nonadherence than of dose adjustment. In fact, the use of claims data may overestimate adherence, because a patient was only considered not taking medication when we estimated that no tablet was left in this patient's possession based on the fill dates and days supplied per prescription. In reality, patients often interrupt or discontinue treatment while still having medications in possession. Therefore, the true adherence rates may likely to be lower than what we found. Third, we were not able to explore the reasons for nonadherence, which is a common limitation of the use of administrative claims data. 39 Some of the discontinuation or interruption of anticoagulation might be clinically warranted because of the development of contraindications or need for surgery. Anticoagulation may also be indicated for only a short time after ablation or cardioversion. 16, 52 In fact, our recent study that used the same database demonstrated similar treatment heterogeneity in patients undergoing catheter ablation: it may be beneficial for high-risk patients to continue anticoagulation beyond 3 months after ablation, while low-risk patients may safely discontinue the medication. 52 However, in most cases, the indication for oral anticoagulants is lifelong and time not taking of oral anticoagulants likely reflects a patient's considered decision. 53 More importantly, regardless of the reasons, temporary or permanent discontinuation of anticoagulation put patients with persistent risk factors at increased risk of stroke. Our findings stress the importance that clinicians need to carefully consider the indication for discontinuing therapy to minimize the loss of protection against stroke. Fourth, we were not able to validate the diagnoses from administrative claims data against medical records, which likely resulted in misclassification of disease status and outcomes. Nonetheless, these diagnosis codes have been used in numerous studies and shown good performance in validation studies. 16, 17, 24, 38, 44 Moreover, although the misclassification may be a problem when estimating the prevalence of diseases or incidence of outcomes, it is in general nondifferential and should not bias the results of comparative effectiveness research in any direction. Because of the observational nature of our study, despite careful adjustment, residual unmeasured confounding may still exist. Certain clinical and health behavior parameters, such as the type of atrial fibrillation, left ventricular ejection fraction, body mass index, and smoking status, are not available in the claims database. Over-the-counter aspirin and nonsteroidal anti-inflammatory drugs, as well as in-hospital bridging treatment with heparins, are not available either. Last, our database contains only privately insured and Medicare Advantage enrollees, so the conclusion may not necessarily be generalizable to Medicaid, Medicare fee-forservice, or uninsured populations.
Conclusion
Adherence to NOACs is poor in practice. Adherence to therapy appears to be most important in patients with CHA 2 DS 2 -VASc score ≥2, whereas the benefits of anticoagulation may not outweigh the harms in all patients with CHA 2 DS 2 -VASc score 0 or 1. Our results suggest clinicians may need to provide regular follow-up with patients at elevated risk of stroke to assess and minimize nonadherence after initiating oral anticoagulation therapy. The apparent heterogeneity in treatment effects also underscores the importance of careful and individual consideration of the balance between risk of stroke and bleeding in patients at low risk of stroke.
